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(54) TI-NI-CU SHAPE MEMORY ALLOY 

(57)Abstract: 

PURPOSE: To obtain a shape memory alioy having superior characteristics and 
excellent in corrosion resistance under the extremely severe environment of 
strong acidity or strong alkalinity by rapidly solidifying a molten Ti-Ni-Cu alloy of 
specific composition on a rotating roll at specific cooling rate. 
CONSTITUTION: This Ti-Ni-Cu shape memory alloy can be obtained by rapidly 
solidifying a molten Ti(50±y, y<2at%)-Ni(50-y-x)-Cu(x%) alloy. In the alloy, it is 
preferable to regulate Cu content (x) to 10-20%, particularly 11.0-16.0%, or to 3.0- 
7.0%. The rapid solidification of this alloy molten is done by using a rotating roll 
and regulating cooling rate to (20 to 50)m/sec. By using this Ti-Ni-Cu shape 
memory alloy, the final sheet products can be easily produced. Moreover, this 
alloy has sharp responsibility attendant on temp, changes and superior thermal- 
mechanical energy conversion efficiency and causes no deterioration in the shape 
memory effects during repeated use, and further, it can be used over a long period 
under the extremely severe environment of extremely strong acidity or alkalinity. 



LEGAL STATUS 

[Date of request for examination] 1 7.04.1 998 

[Date of sending the examiner's decision 15.08.2000 
of rejection] 

[Kind of final disposal of application 
other than the examiner's decision of 
rejection or application converted 
registration] 



osiB*wmfr up) 



& m » it & # ca) 



WH^e- 172886 

(43)&§j!B ¥$6^(1994) 6^21 B 



C5l)IntCl. f sftgij£4f JrP^Sa*^- F I Sttr^B0T 

C 2 2 C 1/02 J 
1/00 C 
14/00 Z 
19/03 A 



C2i)aj®#^ 


#S¥3-170712 


(71) SPA 


391008456 










*•* ft 




(22)tt®H 


¥jfc 3^(1991) 6 J! 15 B 






3 #22^ 








591150580 










*S *£ 












1-33 








000157142 








































*WIMJ*TlriWK=*litri4- 


1-33 








m 












3-22 






C74)f$SA 


nn mm 





(54) [s&sif*>**] t i -n i - c nmitizmik 



(57) 

1 1 m mmm ? jsm m ■ 

± C5 J: 5 ft 1 1 (±4 < , tt < BHW* - r ao& J) ttffi 
MTtWfWzimg/fT i — N i -CuW 

[fttt] Tl-Ni-Cu^j»M«(EAr#| 

2 jSgHtsfllP 3 \ctm IT, 0l§g» 4 1 

*©8S. ft*Pj£££lx 1 0-1X1 0 6o C/s e c\C 

^©THfett, fflWO. 0 3mm. 2. 0mm, 
*§#2 0 Ommtfeofc. 




Ti (5 0±y, y^±2at%)-N 
i (5 0-y-x) -Cu (xat%) 

mm $ htiz c t t -rs t i - n i - c 

[11*92] Cu0ttix^lOat%<xS2O 
a t%-efc$W**lt::K*UfcTi-Ni-Cu3R£ 

[ft#«3] CuO^flxiUl. 0-16. Oa 
t%T?fe5HI*®l4tttiil*«2t|E«UfcT i — N 

[lt**4] Cu©ttlx^3. 0-7. 0at% 
T*fc5f§*9l ilfEftLfcT i — N i -C uSMfEfl 

[§t*95] T i -N i -Cul3-£Ji:£§£0tep- 
/viIj;5t^|ii£*5itfcfc^©$aag£2O~ 

5 Om/s e c t +51***1 *fcfi»*«2 Sfctttt 
**3 4tl4W*S4t«E«l,fcT i-N i -Cu» 

M©i£8B&!S^] 

[000 1] 

[j£H±©fiJffl^U] C©IPm i^Mfeti;^ 

T i -N i -CuS^I2lg^tBI1-5t>©1?ife5. 
[0 0 0 2] 

H, ■ MPXTV^ir j; 5i»K©M B B B 5}t# 
[0 0 0 3] 

BJPX^ti-fe^tJ: OTi-Ni -Cu^Jf^fBli^ 
Sr#5*^t(i, Ti-Ni ^Mflltt^x^ m 

= 1 0 a t%£Jl±t45ilWtU. ffifeTJSJPlttfc* 

fy->xftsciai*s (A T= A f — M f ) #*5<, 
#5^f2®££©^?tt^<, f^yy>©tf^ 

[0004] $ b ti, gteg&^o^&^^&ifc 
ftS£«M-e©P*^4^ fi->««^^^-^!fta 



(2) #i¥6 - 1 7 2 8 8 6 

2 

[0 0 0 5] Sfc, It&ttiro^T^ T i N i 

<Dtcm< aav^sttt ■ r /v* y ftffiissHftT-wftSHg 
^i-f^wa^-cv^ ttor, t©^pji{j^±» 
io $*©t i — n i — cum#%&&&<D%tmmi: 

ft itff 5 < , 4 • «^/v=?-I^ 

mtt • 77V* y mmmnTxcomm # *sm% t i 

- N i - C u 3«fefii^£3f tt-f 5 - t £ I « i + 
5o 

[0 0 0 6] 

20 (±>LTTi-Ni^) ©£££-?§ 5 fcWft 

«ftffi±*Kifcft**ft tiSUtft±tf oofti 6 fc » it 
fi, Ti-Ni ^^ll^ftlK-M'^ofi^^ 

■e* s mwa x , tm^ffc&srais mptt^vr y t 

£<ow< Lxitmmm^t, &»©$«£- 
[ooo7] sk±.<Dmm&ftitir%m#mmitify 

it, *«PJ#tttT i N i Cu^m^/X/V^P.itgC 
u^n-/Ht^fflUT, ffTiNiCufS (ft 2 
0-3 0 0 ^pyj?£) £ft5@£&?iNE@j£ (Me 
lt-spinning Technique) «fl 

an t j: d . mxm< aiiftM*tt ^ * y^r 

tt a tftoTv^fc*, Pitt t * s sits a* 4 

ftt»flJ$K B^tt©f6]i:t>ft^&^5Cfc^E 

[o o o 8] -ftebh^omwicXhU, T i (50± 
y, y^±2at%) — N i (50-y-x) -Cu 
(x a t%) ^^S*S:^ffi@=5*T#e>^5T i 

-n i -cumftnm&&&imzhz a 

[0 0 0 9] ifzZ<Dmm^£tllt, Ti (50 + y, 
y^±2at%) -Ni (50-y-x) -Cu (x a 
50 t%) l^^^^H@$-B:6>it(tCu©^** 



3 

x#l 0 a t%< xi2 0 a t%T?&5T i-Ni-C 

[0 0 10] tSh£Z<D%mc£Klf, Ti {5 0± 
y, y^±2at%) — N i (50-y-x) -Cu 
(xa t%) &£&|g^£lift«H£#3£#l::Cu© 

^llxi)5ll. 0-16. Oat%ffc5Ti-Ni 
-c u*«ttlE«^AiJ»ftSii5. 

[oo 1 1] Mz.XZ<D%mO:ix&, Ti (50± 
y, y^±2at%) — N i (50-y-x) -Cu 

(x a t%) 3£&^&&ftJ£@$-frSi*|;:Cu© 10 
tflx)53 3. 0-7. Oat %"?fc§T i — N i — C 

[0 0 12] £1t£b\ZZ<D%W\z£Kt£, Ti (5 0 
±y, y^±2at%) — N i (50-y-x) -Cu 

(xat%) %&mmz®&v-Mz£t)^mm$ 

*5tfefcO-t©ft*PjiaS:2 0~5 0m/s e ctf 
-5T i — N i — C u XftMttEtt&£#ftft 3 hZ 0 

[0013] z\<Dm&&^Tm^h&%#i%m&b 
-a, (^ Ho-^) ife, mmmmtmmw 

[0 0 14] £U©£#ft&©*T\ 0|£a-/V& (¥• 

d-/w) fc±oTAftWH*fr5i:*fctt. ^©ftiKi 

£tt2 0~5 0m/s e c£1-6©«l&V\ ftSPitS;}* 
2 Om/s e c *ffiT?&5^ti^&Iffif| (# 

mft 5 0 m/ s e c 5 tt»fW# R B R Sft 30 

[0 0 15] C©iPj^fc^T, Cu©^rWftxitl0 
a t%<x^2 0a t %i1-§©^&V\ :©Wffl 

• Joiynir^Tit^Jifeft (&«fcfti*) 
tffit'tK fcSfcfflitolttHJiifc*. x ill 0 a t 

ffijg&lg A Ttt*t < ft 0 Hffl±#* t < ftv\ 

[0 0 16] 4fcC©*M©9t), * • W^ftx*** 
-*Jfe»*DtHUTfi, CuMIxijSll. 0-1 40 
6. 0 a t%ktZ><Dtf&<, IfSUttl 2. 0-1 
4. 0 a t%ii-5©*SftV\ jcJSil. OatKl 
■Cti«iK>i**ti*# < fcS^ SlifilfcgA T#*t 

< ft 9 , at x *i 1 6 . o a t t , mm. 

ftV\ Sfc, x#i2. 0 a t%*«liSfclil 4. 0a 
> - t, WST U HH£-C©ffiJS i ft 5 © 
[00 1 7] S&fciOaOllIfc^T* CuCtflx SO 



#0B¥6- 1 7 2 8 8 6 

4 

S3. 0-7. 0a t%£t5©#JlV\, 1"ft*>*>, § 

h&m%X3RIr (^^^T*nig©fip n pj5ims, mm 

fiH, XSM#7Kft« ^©S^/v^-©0iCi£0 
5#^fi, C©x^3. 0-7. 0at%©H^-e, *■ 
© 0JRttt6/< 7 ^ - * - fi % * # < 4 IJ h ft 5 a > 

bXhh„ Cu©^*x^3. 0at%*#§TMfl 

a*SAT^#<ftt>tifT (3o°c«±) fcmw 

£*©SSffl&JS?fe*5. X^7. 0a t%fcB*. 

5 1 a Tttftfti^* < fts^\ «*r>i > * t « a*ft« 

t®TLTS^/^-!H]iKttl^M£T LX V* o ©T? 
^ff$£ift6 0 
[0 0 18] 

*k ^tttt^igfiSr^Tfi^J^iff (lxi o 6 ^C/s 
ec£l±) X7^^y r Mzmtirh 0 T i-Ni-C 

um<Dm>m&tmm4 o m / s dxio'v 

sec) ttst, ^MIlStt09t*3^5«ftfiJf: 

^py) ifts, ^©,StotxJife a H *^^ffo 

r O^jtS-e^SPLfcT i -N i -c uM^iafi^ 
Att, ^©4 5ft^lfflil*W1-6Ci^&, &©±5 

[0019] S^fiJgfiEtJ; D , g^fe^^T^ 
■Sfc&Cl, a»^5T i-Ni-C u^tftSlS^tf 
ft, ^iLT^Bfl^-ft^^^cS 0 ftoT, Hi 

i4->^ -^t ft 5 0 « tdm^UUXh^ fc» 4 
[0 0 2 0] H!:»g|«A^<, ^og 

ffitt^ ■ mmA£hiz< < , mm%Mt m 

tt<<ft§ 0 ^©|g^©Ti (50 + y, y 

1 + 2at%] -Ni (50-y-x) -Cu (xat 
%) Jfi^A-C, C u ©^JD* x^5at%ii-Si,^ 

^fc^s 0 i vwrnm imomwmxh'o, ± 

t>©^tft»^^gtft5fcfc'Wfimif±^#v\ 

[0 0 2 1]-*, CO*W©Ti (5 0±y, y^± 

2 a t%) — N i (5 0-y-x) -Cu (x a t %) 

Cu©ftJPSx^l 5 a t%gffti-5t, 



#1^6-1 7 288 6 



[0 0 2 2] 

[»] £JtTlc^O«^»|Ufe{ajS:|ftK1-5 0 Ell 

&t®m&$imm%mm\ Armn^xT in i 

$CDTi-Ni-Cu£M?i§£, itS*figAr#ffl^tp 



©HI, ft3^g^lxl0 4 ~lX10 6 °C/sectia 
*U o-/Vj£££2 0~4 0m/s e c, fiSPEfflP 
-/MK^ 2 0 0 mm) 04Stg£: 2 0 0 0~4 0 0 
Orpmilfc, #f>ftfcT i — N i -CuSfWffi'I; 

^fey^y©-^*, Sflf^o. o 3 mm, ffia* 2 . 0 

mm, ft^52 0 0mmtl)ofc 0 y tf^fc 

o t s 2 [c^-rwmm* tfc 0 

[0 0 2 3] 





T i 


Ni 


Cu 


(at» 


50 


50-i 


x (=0.5, 10. 0,13. 0,15.0, 20.0) 



[00 24] 



x x [S2j (mm^xr^^z < ; - tmm 







&~mm t xt > s^x em 






(DSC, ^10K/min) 






mm 





[0 0 2 5] &±©B^©ff«te#fcot, E2~0 

y ■y^mnmm<Dmmm^Lx, *»t,©ji 

fctttfEWfc L"t, S«i^-©$#©T i - N i - C 
[0026] 02, SCfcX^y S'X/l'-iT'iaSSftS 

«fc 5 a, v a,, m» , m, &tm 3 t^-f ^s&piit 

Tffi^L<ftoTV^5©I^U El2^^tll^M©T i 

-n i -cu%wmm&&x&zht>im%x. $s 
Ms at (=Af-Mf) ttmAitm 

&ft#w© t * r y as m%x\ MMMxwm 

t X r y i/X^-^lUlfc^HJSfllOT i-Ni-CuS 

Bttfsfi^^ © t * x y i/ x ;v- y » , i&< ->^"-7°t i 

i^*tLT©#tt ■ «©££tt^^i^£3 0 
[0 0 2 7] &|c|8 5i&>e>07U:Ti-Ni-Cu*JB 
*WE«^A© CuiJBM0~2 0at% [HSM $ fc 



ttffii AT'W^o^T©r?^££^ 0 
[ 0 0 2 8 ] g|6 i!^/^~-0i&ttfg (g^Sfftx 
*A^-HSGR-i?©ttlB (l) 

M = a- £ /2 (1) 

£ :J»T>-r*fi (^CT'fi, $Xftffl& Asi>e>A 
f ©ffl-CJ£gLfct>©) 

[ 0 0 2 9 ] ttzM 6 *«^^-§mttfg <g!fi3 

m) /^y-^-utt (2) ^T*£1^^5 0 

JJ= £(T-£) /Aq (2) 

Aq:«ffi^JWa«ftSt9!»lR^5lfii: (DSC 

H5, 6liS*it5J:5K, ^!t>T^A £ ilCu 5% 
X*%±lCt£ V t tfcllllli A TflC u 1 0 a t %« 
±1? 1 OTCETFi * 9 , C u = 1 5 ~ 1 7 a t %T'S* 

[ 0 0 3 0] Sfc, H6t*S*i,5±5tfi3:^^- 
0HXtt^<7 ^ - u f±c u 5 %IMfc"e** i * 9 , 



t%IMIt?**fl[ft»U, HfTWfcOi: LTIE$£ft 
■CV^«fj)MPI«-ttfc'<T, Cu = 0. 10at%tt± 
2 ~ 3 flff, ^l:Cu = 13at %tti5©f£v Mb^lM 
$T1i, 5 ~ 6 ^fSfi«D*!g*|Pl±iSffife btlZo 

lot, h 6 - mwmwioin^mmtt 

(om&mHTtGZ k\,^~k #t?S 5„ Jt, fcH 7 (' 
^£ ii5 £ 5 u 1 3 %wi'&X 3 1 3 K 
^fc©<ftS. iOf-^HTI (50±y, y 
S±2a t%) — N i (5 0-y-x) -Cu (x a t 
%) *#A-ey^O||»SU<(iJ|43c* (Co, F 

eft if) <Dfflm%\z£v, ^b\cm^nr(ommu 

[0 0 3 1] SI 8 f±*H»J©T i -N i -C u3« 
fflfl^ilot, m (1N/HC1) *T?©£JM 

*OjSfl?jBX#|Itfc'<T, ift££Jil 0 Otta>e> ltffflF 
[0 0 3 2] 

M©$H] £U©«fc 5 tr©*MOT i-Ni-C 

1 . mwmvmm^-k. 5 ©sM£«tt*i« 

A"¥-|H&ttt6;&l 2-3f (Cu=13at %T*fbfc 5 

2. at©^mw$wM^i^#e<, ^©^ 

!BiBAffiATttCu=l 5-1 7 a t 6 1; 

«'> (1/1 OSS) 

4. (in-hc i) aatTciJAtfefl* 

HteflU (l oo~ih§) ZhZ> e 

[0 0 3 3] cois^ot i-Ni-c u%jmm$ 
mx±.<Di.o?£mtimm&Gt?>zkfrt>, kt© 

J;5ftlffl^ntft§ 0 

(i) mmm®m 

\m^smmmxmmTi-% (cu=i 3 a t%# 

JETliA s->A£jS, Ms^Mf 1 'C&rt) r k , 



(5) #Pfi¥6 - 1 7 2 8 8 6 

8 

St/fWiUOW (1 0 a t%EU:, 

6°C, Cu=l 3 a t%) ft©"?\ 0#©J&££flSi-fc 

OSS) ©i:\ ftl©||9ML«ffi^©«i^i#1- 

S ft *)iLZ Z. k 

[0 0 3 4] S*««i*/^-tlEllt5SS) 
10 ^«^Jt^3ifmg^^fci6t, 3 

0»^^ifgtft9, t^^-^^iietfts a *fc 4 

C©|gPJ©T i - N i -CuSfMfgfl^tt, 
XTW Bjfgft, S*-CflV« (20~3 00 ^n 

y) aMft£"etS©T% ^»^«ffi^©g$AiM>£ 

[oo35] ( 2 ) 

z.®%m®T i — n i -c ximmmw^vmrn-? 

©Ti-Ni -cum%m$&<»m&frb, m 
om^xumat^xm^mm (iot^t) x 

u8tmmn^<D^j^-®m^mk?£<9 , t^t 

30 ift§ 0 

[0ffi©ffi*ft!S£K] 

[01] Z<DWM<V7 i -N i -Cu^^ttfSS^ 
[112] C©^©Ti-Ni-Cu^^|H'l^ 

■ ©t^7 v y^^--f^tmxh6 0 

[S3] t¥*tt-©t^ry ^^/w-^*-rin?& 

[04] C©ISM©Ti-Ni-Cu^^lE«^ 

40 L,T*1-0-Cfe5 o 

[05] iO*W©*ifcW©Ti-Ni-Cu*3g#t 

tfifi^ t? c u ^aps^ o ~ 2 o % \cmt § *fc t f © 

tH6] ^©^^©^JS«©T i-Ni-C u^fft 

satt^-ec u mmmt 0-20% t&ft 1 1 © 

[07] c©i8KonifiMoT i -Ni -cumm 
m-^&xc u o~2o %izmt ^*fc i t © 

50 «ElglBie©SftSr»#«t^1-HTf*»5, 



9 

tm^mm (in/hcd tt^inst 

[HI] 




#^¥6- 1 7 2 8 8 6 
10 

* [^©M 

i lt»ft«^^/v 

2 

3 0feCuB-/V 

4 mmm 

5 i^ns y 



[02] 




293 3CQ 313 323 333 343 353 363 293 303 313 323 333 343 353 363 



(7) 



#1¥6- 1 7 2 8 8 6 




(8) 



#M¥6- 1 7 2 8 8 6 



[15] 





0 2B 303 3)3 323 333 343 351 35} 283 33 303 313 333 353 343 353 363 28 33 303 313 323 133 3<G 353 363 




mm] ^5^9^ 3 o b 

[¥#atE 3 ] 

imam] m 



iffi$,mm%) mio 
imm] mm 



